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SUMMARY 
A field, laboratory and greenhouse study of secondary ef-
fects of hill fertilization was made using several different soils 
as follows: Carrington loam, vVebster silt loam, Grundy silt 
loam, Knox silt loam, Marion silt loam, and Buckner coarse 
sand. The effect of hill fertilization on the root development 
of the corn plant was also investigated. 
Acid phosphate was found to have a more pronounced ef-
fect on the hydrogen ion concentration of the soil solution than 
either ammonium sulfate or potassium chloride. In most cases 
the first effect of acid phosphate was to increase the acidity of 
the soil solution. In poorly buffered soils, such as sands or 
sandy loams, this increased acidity may persist for some time. 
In other soils the acidity is neutralized very quickly, and some-
times a less acid solution than that of the untreated soil may 
be produced. 
The effect of hill fertilization on carbon dioxide production 
was found to be slight on a loam and silt loam, while a de-
crease occurred on a sandy soil. 
Hill fertilization did not cause any accumulation of ammonia 
in the soils studied. The accumulation of nitrates in the sandy 
soil was retarded, while in the loam and silt loam no apprecia-
ble increase or decrease occurred. It was found that the or-
ganic nitrogen of the soil was nitrified more readily than nitro-
gen added as ammonium sulfate in the case of two acid soils, 
while in one strongly acid soil no nitrification of the nitrogen 
in the soil or in the ammonium sulfate occurred. When two 
basic soils were treated with ammonium sulfate and with mix-
tures of acid phosphate and potassium chloride, a more rapid 
nitrification of the nitrogen in the ammonium sulfate occurred 
than from the organic nitrogen in the soil. 
The movement of nitrates and phosphates due to leaching in 
a Carrington loam and 'Webster silt loam was studied. Water-
ing these soils equivalent to one inch of rainfall had very little 
effect on the leaching of nitrates or other plant foods. Nitrates 
present in the soil may disappear during cold damp weather 
following a rainy period due to utilization by micro organisms. 
A rain of 2.56 inches caused a considerable movement of ni-
trates in two different soils. 
Hill applications of phosphorus in a Carrington loam were 
leac4ed slightly by one inch of rain. During a whole season in 
which 15.27 inches of rain fell, the phosphorus in 16 percent 
acid phosphate was not leached to a depth greater than two 
inches in a Webster silt loam, or greater than four and one-half 
inches in a Carrington loam. Potassium, being more soluble 
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than phosphorus, is leached into the lower layers of soil more 
rapidly than phosphorus, when applied in the surface layers. 
Studies on the utilization of phosphorus by corn plants which 
were fertilized in the hill, showed that quite a large percentage 
of the phosphorus applied in this manner was not used by the 
crop. However, only one soil type was studied and further in-
vestigation is needed on a larger number of soils before definite 
conclusions can be drawn. 
No decrease in root development was detected between fer-
tilized and unfertilized plants when the rate of hill fertilization 
did not exceed 200 pounds per acre and the nitrogen content 
of the fertilizer did not exceed three percent of nitrogen as 
ammonia. 
Four photographs are shown in order to illustrate the differ-
ence between good and poor locations of fertilizer with refer-
ence to the root system of the corn plant. 
A STUDY OF THE SECONDARY EFFECTS 
OF HILL FERTILIZATION 
By HORACE J. HARPER 
During the past few years several investigations have been 
made of the effect of hill or row fertilization as compared with 
the broadcast application of fertilizers on the growth and yield 
of crops. The results secured with a large number of crops 
such as corn, cotton, wheat, oats, potatoes, tobacco and cab-
bage, indicate that fertilizers properly applied in the row ·or 
near the hill produce as large or larger yields than applications 
of the same fertilizer applied broadcast. In some cases, how-
ever, broadcast applications have produced larger yields which 
may be due to climatic conditions or in many instances to im-
proper methods of hill or row fertilization. Coe (9) has shown 
that some of the fertilizer attachments, especially on corn plant-
er:s, place the fertilizer in such a position that it is injurious to 
the germination of the seed. Coe also showed that some at-
tachments dump the fertilizer in a pile near the hill where only 
a very few plant roots come in contact with it, and conse-
quently, a maximum amount of the plant food in the fertilizer 
cannot be utilized. 
The effect of various methods of applying fertilizers, and 
the effect of the composition of the fertilizer on the germina-
tion of seeds and on the growth and yields of crops has been 
studied by Coe (9), Allison (1), Truog (72) and others. Altho 
there is some difference of opinion in regard to the best loca-
tion of the fertilizer with reference to the seed, the various in-
vestigators will certainly agree that thoro mixing of the fertil-
izer with the soil is essential in order that the plant may utilize 
a maximum amount of the nutrients in the fertilizer. 
Altho small amounts of fertilizers are generally used in hill 
or row fertilization, the rate per acre in the fertilized area is 
very large. Just what secondary effects occur from such large 
applications of fertilizers have not been studied except indi-
rectlyand this study has been made, therefore, with particular 
reference to such secondary effects as the change in soil reac-
tion, the effect of fertilizers on biological activities, the effect 
of leaching on plant food materials, the utilization of phos-
phorus, and the effect of various fertilizers on root develop-
ment. 
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HISTORICAL 
THE EFFECT OF FERTILIZERS ON SOIL REACTION 
1. Nitrogen 
Ammonium sulfate is the most common source of nitrogen 
found in mixed fertilizers at the present time. Other forms of 
nitrogen may be present, such as sodium nitrate, cyanamide 
and organic nitrogenous material. Several experiments, (3), 
(5), (7) and (49), have been conducted in which these fertiliz-
ers have been applied in small quantities at various intcrvals 
over a period of years. The effect of these materials on soil 
acidity has been studied and it has been found that applications 
of sodium nitrate have tended to decrease the acidity of the 
soil, while organic nitrogenous materials and ammonium sul-
fate have increased the acidity, the latter material having the 
greatest effect. 
The effect of single applications of these fertilizers on the 
soil reaction has not been studied by many investigators. Alli-
son and Cook (2), using the Veitch method (75), found that for 
every 100 pounds of ammonium sulfate applied to a soil, an in-
crease in acidity occurred equivalent to 80 pounds of calcium 
oxide. Plummer (55) applied 577 pounds of ammonium sul-
fate to a heavy soil and secured no change in hydrogen ion 
concentration, while the same amount of fertilizer applied to a 
sandy soil increased the acidity 1.1 pH. Stephenson (66) found 
that 2,000 pounds of ammonium sulfate increased the acidity 
of an acid soil .2 pH after six weeks, while 3,000 pounds of 
albumin caused an increase of .32 pH in the same length of 
time. 
2. Acid phosphate 
Frear (18) concluded that since 17.95 pounds of calcium 
oxide will convert 200 pounds of mono-calcium phosphate to the 
dibasic form, it would take a long time for acid phosphate to 
appreciably affect the soil reaction. Morse (49) and Blair and 
Prince (5) found that very little change had occurred in the 
hydrogen ion concentration of soils taken from plots which had 
been treated with acid phosphate for a period of years. Knight 
(36), Veitch (76), Plummer (55), Conner (12) and Burgess (7), 
(8) found that applications of varying amounts of acid phos-
phate over different periods of time caused a slight decrease in 
the acidity of the soils. Skinner and Beattie (64) reported a 
slight increase in soil acidity due to the addition of acid phos-
phate to field plots, while Karraker (35) reported that in eight 
different field tests, acid phosphate treatments slightly in-
creased the hydrogen ion concentration of the soils in four 
fields and slightly decreased it in the others. All of Karraker's 
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studies were made with the use of the hydrogen electrode. Coe 
(9) has shown that" ammo-ph os " affected the reaction of the 
soil from two to three inches away from the location of fertil-
izer applied in or near the hill. The change in r eaction de-
pended on the amount of fertilizer applied. The greatest in-
crease in acidity due to applications of "ammo-phos" was 
0.6 pH. 
3. Potassium 
Atkins (3), Skinner and Beattie (64) and Plummer (55) re-
ported that applications of potassium sulfate to soils slightly 
increased the acidity. Sharp and Hoagland (62) and Swanson 
(68) found that in- most cases strong solutions of potassium 
chloride produced "a marked increase in the hydrogen ion con-
centration of the soil extracts. Blair and Prine (5), Burgess 
(7) and Veitch (76) did not find any increase in the acidity of 
field plots treated with potassium salts. 
EFFECT OF FERTILIZERS ON BIOLOGICAL ACTIVITIES 
1. Oarpon dioxide production 
Altho a large amount of data has been published on carbon 
dioxide production in soils, very few experiments have been 
planned to study the effect of various fertilizer salts on the 
production of carbon dioxide from the organic matter in the 
soil. Potter and Snyder (59) found that applications of 1,000 
pounds of ammonium sulfate and 1,285 pounds of sodium ni-
trate decreased the rate of carbon dioxide production in soils. 
Fred and Hart (19) reported that mineral fertilization, espe-
cially with ammonium sulfate and soluble phosphates at the 
rate of 2,000 to 10,000 pounds per acre, increased carbon diox-
ide production. Plummer (55) found that 2,000 pounds of am-
monium sulfate applied to an acid soil almost stopped carbon 
dioxide production. Van Suchtelen (74) found that nutritional 
salts stimulated carbon dioxide production. 
2. Ammonia production 
The effect of various fertilizers on ammonia production has 
not been studied to any extent except with organic nitrogenous 
materials. McLean and Wilson (45) found that acid phosphate 
increased the production of ammonia in soils. Fred and Hart 
(19) found that phosphates and sulfates applied at the rate of 
1 to 10 tons per acre stimulated ammonification. 
3. Nitrate production 
An enormous amount of literature has been published on ni-
trate accumulation in soils under varying conditions. Only a 
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few references which have a direct bearing on this study will 
be given. In all tumbler experiments where 100 milligrams of 
ammonium sulfate are applied to 100 grams of a soil to study 
its nitrifying power, the rate of application is 2,000 pounds per 
acre. Unless the reaction of a soil is very acid or very alkaline 
some nitrification of the ammonium sulfate will occur if the 
temperature and moisture conditions are favorable . vVaksman 
(78) found that the limiting acid reaction for nitrification is 
pH 4.9. 
The effect of soluble salts evidently is also important. Jen-
sen (31) and Erdman (16) showed that large amounts of gyp-
sum depressed nitrate production. Smith (65) found that po-
tassium chloride applied at the rate of 200 to 3,000 pounds per 
acre decreased nitrate production while the same amount of 
potassium sulfate stimulated the formation of nitrates. Greaves, 
Carter and Goldthorpe (23) reported that all applications of 
potassium sulfate were toxic to nitrate accumulation, and that 
potassium chloride was either toxic or else had little effect on 
the nitric accumulation in the soil. Calcium chloride and cal-
cium sulfate stimulated the accumulation of nitrates. 
Noyes and Conner (53) did not secure any increase in the ni-
trate content of several soils by adding acid phosphate at the 
rate of 500 pounds per acre. 
EFFECT OF LEACHING ON LOSSES OF FERTILIZER 
1. Nitrogen 
A large number of investigations have shown that of all the 
forms of nitrogen applied to soils, only nitrates are lost in any 
appreciable amounts by leaching. Lysimeter studies, (11), 
(17), (20), (24), (29), (37), (40) and (42), indicate that very 
little loss of nitrogen occurs by leaching when crops are grow-
ing on the soil except in very porous soils, or in regions of, or 
during seasons in which high rainfall occurs. 
White (81) studied the effect of 1.14 inches of rainfall on the 
leaching of nitrates in a silt loam soil. He found that some of 
the water penetrated to a depth of 15 inches, and that the total 
nitrate content of the soil was lower after the rain occurred. 
Harris (27) and Stewart and qreaves (67) found that nitrates 
were readily leached from the soil by irrigation water. Craw-
ley and Cody (13), Rousselle (60), Fraps (17) and others have 
said that there can be little loss of nitrate by leaching when 
the nitrate is applied as a top dressing to growing crops, ex-
cept on sandy soils since the movement of moisture due to 
evaporation carries the nitrate back to the surface. Collison 
and Walker (11) found that losses of nitrate by leaching could 
be reduced to a large extent on sandy soils by applying small 
amounts of fertilizer at frequent intervals. 
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The diffusion of soluble salts has also been studied by several 
investigators. Malpeaux and Lefort (43) reported that the 
lateral movement of soluble salts in a soil was 6 inches in 4 
months. Capillary movement was found to be quite rapid. 
McCool and Wheeting (44) found that salts move from higher 
to lower concentrations depending upon the water content of 
the soil. Johansson (32) found a close relationship between the 
movement of nitrates and the movement of water in soils. 
Hutchinson (30) and others have shown that more leaching 
occurs in cultivated than in uncultivated plots. 
2. Phosphorus 
The. loss of phosphorus from soils by leaching is very small 
as indicated by many lysimeter experiments. Harrison and 
Das (28) found that mono-calcium phosphate was fixed more 
quickly in a calcareous soil than in a non-calcareous soil in 
which there was a more uniform distribution. Bear and Salter 
(4) fonnd that all of the phosphorus applied to the field plots 
at the vVest Virginia station was fixed in the surface 6 2/ 3 
inches of soil. Petit (54) cited an nnusual instance in which a 
forest soil would not fix phosphoric acid. Crawley and Cody 
(13) found that loss of phosphorus might occur in sandy soils 
which were being irrigated, but that in heavier soils the phos-
phoric acid was fixed quickly. 
3. Potassittm 
Gerlach (20), Lyon and Bizzell (41), McIntire (42), Collison 
and Walker (11) and others have found that potassium leaches 
from the soil more rapidly than phosphorus. F'raps (17) found 
more potassium in drainage water when crops were not grow-
ing on the soil. Lyon and Bizzell (40) found that annual addi-
tions of 200 pounds of potassium sulfate did not increase the 
potassium content in the drainage water. Crawley and Cody 
(13) found that heavy rains leached potassium salts from the 
surface soils before the potassium was fixed, but after fixation 
had occurred, then leaching removed the potassium very 
slowly. 
EFFECT OF METHOD OF APPLICATION OF FERTILIZER ON THE 
UTILIZA TION OF PLANT FOOD 
, :J; . 
Gile and Carrero (21) and (22) concluded from their experi-
ments in which portions of the roots of a plant were allowed 
to grow in nutrient solutions lacking essential plant foods, that 
maximum absorption of the different elements was not secured 
when only supplied to a portion of the roots. They suggested 
that it is important for fertilizers to be applied so that all of 
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the roots "will be supplied" with the element in order to secure 
maximum absorption. Burd (6) found that plants utilized dif-
ferent amounts of the various elements at various stages in 
their development. Jones and Huston (33) found that the 
corn plant utilized large · amounts of potassium at 8 and 16 
weeks after planting. 
Williams (82) observed that row fertilization with corn and 
cotton was just as effective as broadcast applications. Truog 
and Harper (73) found that applications of fertilizer in the 
drill row with small grain gave better results than when ap-
plied broadcast. J Ol'don and Sirrine (34) concluded that cli-
matic conditions were more important than the method of ap-
plication in increasing crop growth and yield. 
Mooers (48) obtained a larger yield of corn from 250 pounds 
of fertilizer applied in the row than from the same amount of 
fertilizel: applied broadcast. Miller (47) reported that, as a 
result of five years work, broadcast applications of fertilizer 
were superior to hill applications. Coe (10), in a study of 
methods of hill fertilization, found that better results were 
secured from a fertilizer attachment which placed the fertilizer 
at the sides of the hill. Emanuel (15) found that broadcast ap-
plications of f~rtilizers followed by deep plowing were equal 
to row fertilization. 
THE EFFECT OF METHOD OF FERTILIZATION ON ROOT 
DEVELOPMENT 
Most of the data concerning the effect of various plant foods 
on root development have been secured with broadcast appli-
cations of fertilizer. Noll (52) concluded that nitrogen caused 
a greater development of fine roots than phosphorus. Nobbe 
(51) showed that roots branched more freely in layers of soil 
saturated with nutrient solutions. Han'is (27) reported that 
fertilizers added to wheat reduced the relative root growth. 
Watt (79) studied barley and wheat and found increased root 
development due to additions of phosphatic fertilizers. Pone 
(56) and (57) found that compactness and soil moisture as well 
as fertilization were very important in affecting root develop-
ment. Millar (46) found that 200 pounds per acre of a 3-10-4 
fertilizer applied in the hill did not restrict root development of 
corn in a dark sandy loam soil,and he suggests that the effect of 
drought on crops which have been hill fertilized, is due 
to greater vegetative growth rather than restricted root devel-
opment. Truog and Harper (73) also found that 125 pounds of 
acid phosphate, a 2-12-2, or a 3-10-4 fertilizer, applied in the 
hill above seed did not restrict root growth of corn on three 
different soil types. 
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EXPERIMENTAL 
THE EFFECT OF HILL APPLICATION OF FERTILIZERS ON SOIL 
REACTION 
Most of the data on the effect of fertilizers on soil reaction 
has been secured from field plots which have received more or 
less frequent applications of fertilizers over a long period of 
time. In the case of hill fertilization, altho the amount of fer-
tilizer per acre is not large, the rate per acre in the fertilized 
area is very high. The area over which the fertilizer is spread 
varies with different fertilizer attachments. Some of the at-
tachments place it in a little pile in or near the hill, while 
others equipped with scatterers spread it over a larger area. In 
this investigation all treatments have been applied on an area 
3 by 10 inches, since the better types of fertilizer attachments 
-which apply the fertilizer in the hill above the seed spread the 
fertilizer over -an area similar to that selected. If corn hills 
are spaced three and one-half feet apart, the rate of fertiliza-
tion in the hill if calculated on an acre basis is equivalent to 
5,880 pounds of fertilizer applied broadcast for every 100 
pounds applied in or near the hill. Altho Coe (10) objects to 
applications of fertilizer above the seed because of results 
which he secured on germination and seedling growth, the 
conditions under which he worked were different in that he 
applied the fertilizer over an area not to exceed two bv five 
inches and' in some cases only two by three inches, ~hich 
would result in a concentration of fertilizer from three to five 
times as great as that in this investigation. For that reason 
his results apply only to the inferior types of fertilizer attach-
ments. 
Nobbe (51), Tarr and Noble (70), Salter and McIlvaine (61) 
and others have studied the effect of acidity on the growth of 
seedlings and have found that under certain conditions acidity 
may interfere with proper development. Salter and McIlvaine 
(61) found it required a much higher hydrogen ion concen-
tration to affect the germination of seeds than that required to 
retard the growth of seedlings. 
Since the concentration of the fertilizers in hill or row fertili-
zation is very large as compared with broadcast applications, 
an experiment was conducted to determine whether or not such 
fertilization might cause a change in soil reaction which would 
be harmful to the growth of the young plant. 
Three different fertilizers were used in the first study; potas-
sium chloride, ammonium sulfate and 16 percent acid phos-
phate. The acid phosphate gave a pH value of 3.0 when 5 
grams of material were extracted with 100 c.c. of distilled 
water. In table I data are given on the rates of application of 
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TABLE I. A COMPARISON OF HILL FERTILIZATION IN TERMS OF 
BROADCAST APPLICATIONS 
No. Fertilizer Rate of hill 
fertiI iza tion 
pounds per acre 
applied over 
an area 3 by 
10 inches· 
Equivalent to a broadcast application 
in pounds per acre 
1 0- 0- 2 100 186 pounds of KCI 
2 0-0-6 100 558 pounds of KCI 
3 0-0- 12 100 1,116 pounds of KCI 
4 2-0- 0 100 456 pounds of (NH,),SO., 
5 4- 0- 0 100 912 pounds of (NH,hSO, 
6 2-0-0 100 586 pounds of NaNOa 
7 4- 0- 0 100 1,173 pounds of NaNOa 
8 0-16-0 100 5,880 pounds of 16 % acid phosphate 
__ 9~ __ ~0-_1~6_-~0 __ ~ _____ 2~00 ______ ~_1~l,~7~60~p~ou~n~ds=-0~f~16~o/<~o~ac~i~d~p~h_oo~p~h_a_te ____ _ 
'Hills calculated on the basis of 3% feet apart. 
the various fertilizers used in this study when calculated on an 
acre basis. 
When mixed fertilizers were used in any of the following ex-
periments the amount of materials applied can be calculated 
from the data given in table I. In all places where the words 
"hill" fertilization are used in connection with laboratory or 
greenhouse studies, they should be understood to pertain to 
the manner in which the fertilizer is applied to the soil, the 
method followed being designed to imitate as closely as possible 
hill fertilization in the field. 
A Carrington loam having a pH value of 5.5 was used in the 
first experiment. One hundred gram samples of soil were 
treated with the various fertilizers as given in table I. The 
acid phosphate was ground to pass an 80-mesh sieve and an 
amount corresponding to the treatment was weighed out and 
added to . the sample of soil. 'fhe ammonium sulfate and potas-
sium chloride were added in solution. All of the fertilizers 
were thoroly mixed with the soil before the distilled water was 
added to bring each soil to the optimum moisture content. The 
determination of the effect of the different fertilizer treatments 
TABLE II. THE EFFECT OF HILL APPLICATION OF SINGLE FERTILIZER 
SALTS ON THE REACTION OF A CARRIN'GTON LOAM SOIL. (RATE 
-: I Fertilizer I 
T/ 
3 
4 
5 
6 
7 
8 
9 
10 gl 
None 
None 
0-0-2 
0-0-2 
0- 0-6 
0-0-6 
0-0- 12 
0- 0 -12 
2-0- 0 
2-0-0 
4- 0-0 
4- 0-0 
OF APPLICATION, 100 POUNDS PER ACRE.) 
lMil ligramsj Reaction ofsoif suspensiooin-
Applied as 
I added to I terms of pH values 
1 100 ". of 20 min. 124 hours 148 hours l120 hours 
_____ sOlI I 
5.30 5.27 I~\~ 
KCI 
KCI 
KCI 
KCI 
KC I 
KCI 
(NH,),SO, 
(NH,),SO, 
(NH,),SO, 
(NH,),SO, 
9.3 
9.3 
27.9 
27.9 
54.8 
54 . 8 
22.8 
22.8 
45.6 
45.6 
5.30 5.29 5.25 .... 
5.25 5.15 5.05 5. 12 
5 . 27 5.20 5.09 .... 
5 . 15 5.07 5.02 5.02 
5.15 5.09 5.02 .... 
4.97 
5.02 
5.20 
5.20 
5.10 
5.10 
5.15 
5 . 17 
5.09 
5.10 
5.02 
5.02 
4.92 
4.92 
5.12 
5.03 
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TABLE III. THE EFFECT OF HILL APPLICATION OF 16 PERCENT ACID 
PHOSPATE ON THE CHANGE IN THE REACTION OF SEVERAL SOILS 
I '._ I Rate in pounds I Milligrams I Reaction of soil sus pen-
No. I :,", :Soil type Iper acre applied I per 100 I sion in terms of 
' 'I" ". "d I in hill II grams of I pH values 
_,,--:-1-:---=----, __ ---0-_ _----'s:.:c0 _il_--', 20 min. I 7 days I 22 days 
1 I Carrington sand I None 1 '-5-.2-------
2 I Carrington sand 100 294 4.42 
3 I Carrington sand 200 548 4.30 4.58 4.65 
4 I Carrington loam None I 5.30 
5 Carrington loam 100 I 294 4.55 
6 Carrington loam 200 \ 548 4.41 4 . 68 4.73 
7 Marion silt loam None I 4.80 
8 ,Marion silt loam 100 294 4.16 5.25 
9 Webster silt loam None 8.25 
10 Webster silt loam 100 I 294 7.98 8.48 
on the hydrogen ion concentration of the soil suspensions were 
made at different intervals after the fertilizers were applied. 
Each sample of soil was shaken for 20 minutes with 200 C.c. of 
distilled water and the hydrogen ion concentration was deter-
mined electrometrically on each soil suspension. The effect of 
ammonium sulfate and potassium chloride applications on the 
reaction of the Carrington loam is given in table II. The effect 
of 16 percent acid phosphate on the reaction of several soils is 
given in table III. The amount of fertilizer added to each 100 
gram sample of soil is also given. 
It is evident from the data given in table II that applications 
of potassium chloride and ammonium sulfate slightly increased 
the hydrogen ion concentration of the Carrington loam. A 
larger increase in acidity will undoubtedly occur in the field in 
the immediate area surrounding the fertilizer than is shown by 
the data, since it was calculated on the basis of a volume of 
soil 3 inches wide, 10 inches long, and 6 2/ 3 inches deep. Sev-
eral other soil types have been studied and similar results have 
been secured. A greater increase of acidity is secured in sands 
than in soils of heavier texture, and usually a greater increase 
in acidity is secured in acid soils than in neutral or basic soils. 
The results given in table III indicate that acid phosphate 
applied on the basis of hill fertilization causes an immediate in-
crease in the hydrogen ion concentration of the soil solution. 
In the case of soils which are poorly buffered with basic mate-
rial, such as calcium carbonate or easily hydrolyzable silicates 
and do not contain a very large amount of easily replaceable 
iron and aluminum, the acidity of the soil solution produced by 
hill applications of acid phosphate is very slowly neutralized. 
In the case of neutral or basic soils the acidity of the acid phos-
phate is neutralized rapidly. If acid soils contain a large 
amount of easily replaceable iron or aluminum, the acidity of 
-the acid phosphate will also be neutralized quickly and the re-
action of the soil suspension may be less acid than that of the 
-unfertilized soil due to the liberation of calcium oxide which 
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TABLE IV. THE EFFECT OF'. HILL APPLICATIONS OF MIXED FERTILIZERS 
ON THE CHANGE IN REACTION OF SEVERAL SOILS. (RATE OF 
APPLICATION, 100 POUNDS PER ACRE) 
No. Soil type' 
1 Carrington loam 
2 Carrington loam 
a Carrington loam ' 
4 Webster' silt loam 
5 Webs,ter silt loam 
• 6 Knox silt loam 
7 Knox silt loam 
8 Knox silt loam 
9 Carrington sand 
10 Carrington sand 
11 Carrington sand 
12 Carrington sand 
13 Raw peat 
14 Raw peat 
15 Raw peat 
16 Raw peat 
17 Raw peat 
18 Raw peat 
'Rate 200 pound. per acre ill hill. 
Fertilizer applied 
I Reaction of soil suspen-
I sions in terms of pH 
__ ~,--____ I values 
' None 5.1U 
0- 16-0 4 .55 
4-16-4 4.55 
None 8.35 
4- i6-4 8.35 
None 8 . 64 
2-16-0' 8.31 
2-16-6 8.50 
None 5.02 
0-0-6 4.93 
4-0-6 4 . 80 
4- 16-6 4.40 
None 4.9~ 
0-0-2 I 4.95 
tg:::~ II n~ 0-16-0 4.61 
4-16- 6 4.61 
occurs when the phosphorus is removed from the soil solution 
as iron or a1uminum phosphate. 
The effect of a few mixtures of ammonium sulfate, potassium 
chloride and 16 percent acid phosphate on the' reaction of dif-
ferent soils is given in table IV. The same mixtures have not 
been used in all cases due to the fact that a part of the data 
has been selected from other experiments. 
It appears from this experiment that acid phosphate is the 
most important fertilizer ingredient in changing the immediate 
soil reaction. This no doubt is because much more acid phos-
phate is applied per acre than either ammonium sulfate or 
potassium chloride. In fertilizers such as "ammo-phos" and 
other high analysis fertilizers containing a large percentage of 
ammonia and potash it is entirely possible that greater differ-
ences in the acidity of the soil solution might occur. , 
In no case has the increase in acidity due to the hill fertiliza-
tion been great enough to seriously affect the germination and 
growth of seedlings, if the results secured by Salter and McIl-
vaine (61) and Tarr and Noble (70) are correct. 
THE EFFECT OF HILL FERTILIZATION ' ON CARBON DIOXIDE 
PRODUCTION AND BACTERIAL NUMBERS 
The soils used in this study were: Grundy silt loam, Carring-
ton loam and Buckner coarse sand. Eleven-hundred-fifty gram 
portions of each soil were placed in 2% liter bottles. Treat-
ments were made in duplicate and the soils were brought to 
optimum moisture as in the previous experiment. The ap-
paratus used for the determination of the carbon dioxide was 
similar to that employed by Potter and Snyder (59). The e~-
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perlment :was carried out uuder greenhouse conditions and was 
continued for 12 weeks. A slow current of air was drawn thru 
the apparatus to sweep out the carbon dioxide which was meas-
ured every three days by the double titration method for the 
first two weeks and at weekly intervals during the remainder 
of the period. The results secured are given in table V. 
Altho the amounts of carbon dioxide produced at various in-
tervals were erratic, the general tendency of the treatments was 
to decrease carbon dioxide production. It was more marked in 
the case of the sand than in the heavier soils. Several counts 
of bacterial numbers were made at the beginning of the ex-
periment on samples of soil treated in the same manner as 
those used in the carbon dioxide apparatus. In most cases 
fewer bacteria were found in the fertilized soils. There was no 
marked stimulation of bacterial activity due to any of the treat-
ments. Because of certain objections in technic in the proce-
dure as recommended by Potter and Snyder (59) it seems de-
sirable to continue the study of methods for the determination 
of carbon dioxide in soils. A special investigation is being con-
ducted in this laboratory at the present time in the attempt to 
overcome some of the difficulties encountered in the work re-
ported here. 
THE EFFECT OF HILL FERTILIZATION ON AMMONIA PRODUC-
TION AND NITRATE ACCUMULATION IN SOILS 
In ~ large number of experiments, various investigators have 
found that fertilization increased the ammonifying and nitrify-
ing processes in soils. One of the secondary effects of hill fer-
tilization may be a stimulation of these processes in the area 
around the hill and a more rapid growth of the young plant 
would result. 
Two different experiments were conducted in connection 
with this part of the study. The first experiment was carried 
TABLE V. THE EFFECT OF HILL APPLICATION OF FERTILIZERS ON 
CARBON DIOXIDE PRODUCTION IN SOILS. (RATE OF 
APPLICATION 100 POUNDS PER ACRE) 
Fertilize r 
No. Treatment applied 
.. -
1 I None I 
2 
I 
0- 16- 0 I 16 % . ~~id . ~h~~ph'a't~ 
3 0-16- 0' 1 16% acid phosphate 
4 0-0-2 I KCl 
5 0- 0 -4 \ KCl 
6 0-0-6 KCl 
7 0-0-8 I KCl 8 2-0-0 (NIL;)2S0. 
9 4-0-0 (NH.hSO, 
ORate of application 200 pounds per acre. 
I Milligrams of Carbon Dioxide in 12 weeks (average of duplicates) I Grundy silt Carrington ! Buckner 
loam loam_"_1 sand 
I 3,007 1,321 -W08-
3,108 1,638 1,011 
3,068 924 1,175 
2,861 1,052 1,027 
2,611 1,382 754 
2,242 1,403 
! 
882 
2,347 1.109 , 1,020 
1,993 1,083 1,073 
3,416 1,2'27 1,000 
TABLE VI. THE EFFECT OF HILL APPLICATION OF FERTILIZER ON THE AMMONIA ACCUMULATION IN SOILS. (RATE OF 
APPLICATION 100 POUNDS PER ACRE) 
Ammonia content of soils at various intervals in parts per million 
No. Treatment Fertilizer 
applied 
Buckner coarse sand Grundy silt loam Carr~ngton loa_m __ _ 
9 I 27 I 46 I 88 9 I 27 I 46 ' 88 I 9 27 46 I 88 
dayst days t ' days t days t dayst days t days t I days t dayst days t days t days t 
1 None . . . . . . . . . . . . . . . . . . 
2 0-16-0 16 % acid phosphate 
3 0-16- 0' 16 % acid phosphate 
4 0-0- 2 KCl 
5 0-0- 4 KCl 
6 0-0- 6 KCl 
7 0- 0- 8 KCl 
8 2- 0- 0 (NH,joSO, 
9 d- n-o (NH .) .. SO 
·Rate of application 200 pounds per- acre. 
tAmmonia determined by titration. 
t Ammonia determined by nesslerization. 
.5·{ 
1.87 
.94 
1.15 
.76 
1.15 
.94 
61.82 
r 10~.85 
1.62 
1.95 
1. 62 
1. 62 
2 .11 
2.76 
4.06 
83.54 I 
.85 I 
.85 
.85 1 
.85 I 
.85 
.
85 1 1.00 
12.84 
66.32 1 
1.06 
2.09 
2.83 
1. 34 
1. 34 
1.69 
1.34 
10.41 
47.60 
6.08 
3.48 
3 . 48 
3.04 
4.35 
2.17 
2.83 
98.80 
180.17 
3.74 
4.67 
5.61 
3.74 
3.74 
4.67 
3.74 
21. 82 
77 .94 
1.93 
2.45 
1.93 
2.17 
1. 93 
1.93 
2 .. 25 
6.96 
26.46 
2.21 
2.16 
2.18 
2.18 
2.21 
2 . 41 
2.16 
3.04 
5.05 
2.98 
3 . 41 
4 . 68 
2.98 
2.98 
4.68 
2.55 
79.48 
152.15 
2.13 
3.55 
5.32 
3.55 
3.55 
3.55 
3.55 
44.20 
102.65 
1.33 
1.33 
1.33 
1.33 
1.33 
1. 72 
2.51 
13.30 
52.61 
- l~i 
1.87 
1. 81 
1. 81 
1.01 
1.01 
1.41 
2 . 35 
11.00 
TABLE VII. TH$ EFFECT OF HILL APPLICATION OF FERTILIZERS ON THE NITRATE ACCUMULATION IN SOILS. (RATE OF 
. APPLICATION 100 POUNDS PER ACRE) 
--I :: 1 Nitrate content of soils at various intervals in parts per million 
. Fertilizer " 
No. Treatment applied _ Buckner5oa~se s~nd ___ 1 Gr~~y Slit l~m ___ I ___ Carrmgton loam __ 
! I 9 I 27 I 46 1 88 I 9 27 I 46 1'- 88 1 9 I 27 46 I 88 r I~ ~ ~1~1~ ~ I ~ ~I~I~ I ~I~ 
1 1 None . . .... . ........... - 2:-7-- 3.8--14: 3-1 29.8 I 5 . 3 4.7 : · · 1 15-:-5-1~1-5-:-2-I-ll-:-5- ·-31.1-1- 20.8 
2 \ 0-16··0 16 % acid phosphate 6.2 4.5 11.3 18.6 5.9 5.5 .. 16.8 19.8 8.7 1 11.5 31.1 17.7 
3 0- 16-0' 16 % acid phosphate 6.2 3.9 13.0 17.4 . 1 6.9 6.5 ' ' 14.3 17,.1 I 7.8 I 11.0 31.5 20.2 
4 0-0-2 KCl 3 . 3 3.3 9.2 14.9 1 5.5 5.5 13.4 16:"1 9 . 1 12.0 37.0 18.5 
5 1 0-0-4 KCl 3.8 3.3 8.4 12.2 1 4.5 5 . 2 1 12 . 6 ) .21.3 'j 7.4 11.0 21.0 1 14;7 
6 1 0-0-6 KCl 4.2 3.3 9.2 17 . 2 I 5.2 5.3 10.516.0 8.3 13.4 25.6 
7 1 0-0-8 KCl 4 .. 2 3.1 12.2 15.7 1 5.7 4.7 10.518.6 7.6 12.5 30.2 15;2 
8 I 2-0-0 (NH,),SO, 7.1 9.2 31.5 44.5 1 17.7 15.9 38.6 I 47.7 8.8 15.2 49.6 I 48.0 
9 1 4-0-0 (NH.),SO, 7.2 7.9 46.5 77.7 1 16.2 19.0 1 57.1 78.1 1 10.4 21.0 63.0 1 63.5 
.Rate of application 200 pounds pe~ acre. 
~ 
c.:> 
0"> 
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out under greenhouse conditions, using a Grundy silt loam, a 
Carrington loam and a Buckner coarse sand. Each soil was 
uniformly mixed and placed in four-gallon pots. The acid phos-
phate was thoroly incorporated with the surface three inches 
of soil. The ammonium sulfate and potassium chloride were 
added to the surface of the dry soil and then enough water 
was added to bring the soils to an optimum moisture content. 
rrhe soils were sampled after 9, 27, 46 and 88 days. Ammonia 
and nitrate determinations were made on the moist samples at 
each period. rrhe phenoldisulfonic acid method (26) was used 
for nitrates, and the aeration method as recommended by Pot-
ter and Snyder (58) was used for ammonia except that large 
test tubes 11/2 by 14 inches instead of Kjeldahl flasks were used 
to hold the soil suspensions. The results on the ammonia and 
nitrate accumulation in these soils are given in tables VI and 
VII. 
From the data secured in table VI, it is obvious that fertilizer 
treatment similar to hill fertilization did not affect the am-
monia content of these soils. In the case of the soils which re-
ceived applications of ammonium sulfate, it was found that 
rapi,q nitrification did not occur. There was still quite a large 
amount of ammonia in the loam and silt loam soils after seven 
weeks and some ammonia was present in the sandy soil three 
months after the ammonium sulfate was applied. Since these 
soils were all acid, the rate of nitrification would be slower than 
that in neutral or basic soils. No crop was grown on these soils 
and it is entirely possible that if a crop like corn, which can 
utilize ammonia nitrogen, had been growing, the ammonia con-
tent of the soil might have decreased more rapidly. 
In table VII the data show that there was a slow accumula-
tion of nitrates in all of the soils. '1'he accumulation was more 
TABLE VIII. THE EFFECT OF HILL APPLICATION OF FERTILIZERS ON THE 
. NITRIFICATION OF AMMONIUM SULFATE. (RATE OF APPLI-
CATION, 100 POUNDS PER ACRE) 
- I I Soils used 
No. I Treatment I 
. I - Carrington I webs~1 Knox I Marion I Carrington 
loam silt loam silt loam silt loam sand 
----~ N. as NOs I N. as NOs I N. as N0;;--I N:aBNOa I N. as NOs 
_.,--,--;-;-___ +-_p,.p.mC'-. _-!--,p"".p .m. p.p.m. p.p .m. p.p.rn 
1 None 22~2 I 42.7 \ 14.3 -1-~2~5--1--16.5 
2 2- 0- 0 26 . 4 74.4 59 . 1 2.5 I 13 . 9 
3 4- 0- 0 22.9 I 108.6 105.8 I 2.5 14.7 
4 2- 1&-0 24.9 I 70.9 \ 60 . 7 2 .1 4.8 
54- 1&-0 23.2 \ 114.5 110.1 2.1 9.9 
61- 16- 0" 15.6 71.9 63.4 2.1 4.1 
7 2- 16- 0" 15 . 0 112.5 107 .2 I 2 . 1 4 . 2 
. 8 2- 16- 2 21.1 \ 70 . 9 l 61.1 2.1 10.7 
9 2- 16- 6 19 . 3 68.5 62 . 5 2 . 1 8.4 
10 4-16- 2 19.4 112 . 1 110.8 I 2.1 9.5 
11 4-16- 6 19.7 109.6 I 101.8 2.1 7.3 
"Rate of application 200 pounds per acre. 
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marked in' the soils treated with ammonium sulfate. Very little 
effect was produced by the fertilizer treatment in the loam and 
silt loam soils. Nitrification was retarded in the 'sandy soil. 
The second part of this study on the effect of hill application 
of fertilizers on nitrification was conducted in tumblers. One 
hundred grams of soil were treated at the same rate as the soils 
used in the pot experiment except that several mixed fertilizers 
were used. They were incubated at 25° C. for 28 days and the 
nitrate content determined. The results are given in table VIII. 
The reactions of the soils used in this experiment were as 
follows: Carrington loam and Carrington sand, strongly acid; 
Webster and Knox silt loams, basic; and Marion silt loam, very 
strongly acid, having a pH value of 4.9. 
It is evident that nitrification of ammonium sulfate occurs 
much more slowly in acid soils than in basic soils. Only a very 
slight amount of nitrate accumulated in the Marion silt loam 
which was very acid. In the case of the Carrington sand and 
'Carrington loam, which 'were strongly acid, the organic nitro-
gen in the soil was nitrified more readily than the nitrogen 
added as ammonium sulfate. This agrees with the data given 
'by Lipman, Burgess and Klein (38). However, in the case of 
the Webster and Knox soils, the nitrogen added as ammonium 
sulfate was nitrified much more rapidly than the organic nitro-
gen in the soil. Since all of the soils used in this experiment 
are humid soils, the conclusion of Lipman, Burgess and Klein 
(38) that humid soils nitrify their own nitrogen more readily 
than nitrogen added in the form of ammonium sulfate does not 
hold III thIS experiment. 
THE LEACHING OF FERTILIZERS APPLIED IN THE HILL 
1. Nitrogen 
In the first experiment a mixed fertilizer made up of sodium 
nitrate, 16 percent acid phosphate and potassium sulfate was 
used. 'l'hese materials were added to the surface inch of soil 
in amounts equivalent to 1'00 pounds per acre of a 2-16-2 fertil-
izer applieq. in the hill. An area of soil one foot square was sur-
rounded by a galvanized iron band four inches wide, pressed 
into the soil two and one-half inches. Distilled water equiva-
lent to one inch of rainfall was applied to the area. 
After 48 hours the soil was removed in layers and the nitrate 
content in the different layers was determined. Cloudy, cool 
weather practically eliminated evaporation which would in-
fluence the return of nitrates toward the surface by capillarity. 
The results of this experiment are given in table IX. In the 
first soil studied the 0 to 2 inch layer was not analyzed for ni-
trate content as it was assumed that most of the nitrate w.ould 
be leached out of it. However, it was found after the analyses 
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TABLE IX. - THE EFFECT OF THE ADDDITION OF DISTILLED WATER EQUIVALENT 
TO ONE INCH OF RAINFALL ON THE MOVEMENT OF NITRATES 
IN A CARRINGTON LOAM AND A WEBSTER SILT LOAM 
. . Depth at which samples were taken Depth at which samples were taken I . I - Carrington loam Webster silt loam N°'1 ;:;:~t- 2~'to4" 1411to8 11 /8"to 1211 /12"to24~ O"tO .?~12I1t04" 14I1to8~/ 1 8"to 12" 
N.asNO, N.asNO, N.asNO, N.asNO, N.asNO, N.asNO, IN .asNO, N.asNO, 
. . I p.p.m. 'p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. 
- 1- None ' I 7.1 I 4.6 \ 3.0 2.7 I 24.8 20.8 , 14.1 6.9 
2 2 - 16- 2 ' 18.6 7.8 3 . 1 2.8 288.0 50.4 16.0 8.7 
3 None I 12.0 I 7.9 2.9 2.1, 33.6 28.0 22 .4 .. , 
4 2-16-2 26.4 5.2 2.4 2.0 I 256.0 57.6 14.4 8 . 1 
5 None ,19.2 9.5, 2.3 1.6 18.4 20.8 20.8 17.3 
6 2-16-2 , 16.0 , 5.0, 2.2 1.4 ' 204.0 40.0 22.5 7.1 
were made tha_t very little nitrate was leached out by the wate.r 
added .. 
The data given in table IX agree with that of other investi-
gators showing that the average rain does not leach nitrates 
very far below the surface in such soils as those used in this 
. e:x.periment. 
On the next day after the results given in table IX were se-
cured, a heavy rain of 2.56 inches fell. Altho no data were se-
cured to determine how deeply the water penetrated into the 
soil, analyses were made of the nitrate content of different soil 
layers to determine what changes in distribution of the nitrate 
had taken place. The Carrington loam and Webster silt loam 
were analyzed as in the previous experiment and the data are 
given in table X. 
It is evident that considerable amounts of nitrate were 
leached from the surface of these soils into the subsurface and 
subsoils. Just how much would be lost could not be deter-
mined in such an experiment as this since the utilization of ni-
trates by micro organisms and the return of nitrates by capil-
larity would be two factors which would appreciably change 
the nitrate content of any particular zone which might be se-
lected for study. 
2. Phosphorus and potassiwrn 
From the results secured by other investigators, it is evident 
that the loss of .phosphorus and potassium from most soils is 
s~alL Some movement certainly occurs, due to leaching, but 
. TABLE X. THE EFFECT OF 2.56 INCHES OF RAINFALL ON THE DISTRIBU-
. TION OF NITRATE IN A CARRINGTON LOAM AND A WEBSTER SILT LOAM 
--I 
, 
N°' 1 
, 
'I 1 
\ 2 , 3 
4 I ;. 5 
. 1 \. 
Depth of sample 
0" to l/z " 
'h" to 2" 
2" to 4" 
4" to 8" 
8" to 12" 
\ 
~rrington Loam __ J-WebSterSiltr:;oam-
before I after I before l after 
rain rain I rain rain I N. as NO, I N. as NO, I N. as NO, N.as NO, ppm ppm ppm ppm 
I ... . 8.0 .. . . I 7:2-
\ 
.... 7 .2 .... 5.2 
12.4 9.6 23.2 I 9.2 
7.3 12 . 2 17.4 I 11.8 2.7 12.0 6.9 6.8 
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TABLE XI. THE EFFECT OF THE ADDITION OF DISTILLED WATER EQUIVA-
LENT TO ONE INCH OF RAINFALL ON THE MOVEMENT OF PHOSPHORUS 
APPLIED TO A CARRINGTON LOAM. (RATE OF APPLICATION 100 
POUNDS PER ACRE IN HILL MIXED WITH SURFACE INCH OF SOIL). 
No. 1 Treatment Phosphorus soluble in n /5 nitric acid---
I Data in p.p.m. 
I Depth of sampling 
I 2" to 4" 4" to 8" 8" to 12" 
1 I None 8 . 46 2.30 1.02 2 2-16-2 16.25 1.18 0.67 
3 I None 
5.12 1.69 0.67 
4 2-16-2 12.40 1.69 0.67 
5 None 7 . 45 2.30 1.69 
6 I 2-16-2 13 .20 1.69 0.67 
losses are prevented by the fixation processes which occur in 
the lower layers of soil. With hill or row fertilization, it is im-
portant to know how much movement of plant food occurs 
after the fertilizer has been applied because if fertilizers are ap-
plied above the seed and no movement occurs very few roots 
will come in contact with the fertilizer particles. On the other 
hand, if some of the plant food moves downward ftfew inches 
due to leaching, the plant will be better able to 'utilize these 
materials. 
The effect Qf leaching on the movement of phosphorus was 
studied under two different conditions . . In the first case, an ex-
periment similar to that for the leaching of nitrates was con-
ducted. The results of this experiment are given in table XI. 
'rhe movement of phosphorus was measured by the increase in 
amount of phosphorus extracted by means of fifth normal nitric 
acid (63). 
According to the data given in table XI, some phosphorus 
evidently was transported from the surface inch of soil, in 
which the fertilizer was incorporated, into the zone from two 
to four inches from the surface. An attempt was also made to 
study the movement of phosphorus in a Webster silt loam, but 
because of its high content of calcium carbonate it was neces-
sary to add large amounts of concentrated nitric acid in order 
to secure a fifth normal acid extract. '1'his produced a large 
amount of foaming, and also the large amount of pressure 
which developed during shaking caused so much trouble that 
the determinations were not made. 
It seemed · entirely possible that phosphorus might ; be me-
chanically carried into the lower layers of soil by gravitation if 
distilled water was applied equivalent to a given amount of 
rainfall. Consequently, another experiment similar to the first 
was started. The rate of application of acid phosphate was 200 
pounds per acre in the hill and it was tUo·iOlY mixed with the 
surface inch of soil. The experiment began on May 22 and 
la~ted until October 1. '1'he total rainfall during' that period 
. was ~5.27 inches. On October 1,th-e-·suils-were-removed in lay-
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TABLE XII. A 8.TUDY OF THE DOWNWARD MOVEMENT OF PHOSPHORUS 
IN TWO SOILS DURING ONE SEASON AS A RESULT OF A HILL APPLI-
CATION OF 16 PERCENT ACID PHOSPHATE APPLIED IN THE SURFACE 
INCH OF SOIL AT THE RATE OF 200 POUNDS PER ACRE. 
No. , Depth I Phosphorus content of soils in pounds per 2,000,000 I sampled pounds of soil 
I I Webster silt loam , Carrington loam 
- Treated I Untreated' Treated , Untreated -1:--!f-----~0'c;-' -:-to----;-l';;-' , 6,135 7,345 ' 2,220 2,185 I 4,050 3,390 870 890 
!2
6
" 1" to 2" 3,210 3,940 I 1,780 1.325 
2" to 3" 2,420 2,220 1 1,375 1,310 
3" to 4'h" 2,180 2,155 2,160 2,140 1,010 1,100 895 82U 
4 112" to 6" 2,130 2,185 ' 920 845 
6" to 8" 2,230 2.095 I 2,075 2,065 1,020 870 1,020 910 
ers and each layer was dried, thoroly mixed and ground. The 
total phosphorus content of each layer was determined vol-
umetrically by the magnesium nitrate method. The results are 
given in table XII. 
These data show that very little phosphorus was leached 
from the surface inch of these soils. In case of the ,Vebster silt 
loam, an acre of soil two inches deep was capable of fixing all 
of the phosphorus in 11,760 pounds of 16 percent acid phos-
phate when the fertilizer was distributed uniformly in the sur-
face inch of soil. In the Carrington loam the downward move-
ment was more pronounced. Some of the phosphorus evidently 
leached as far as the three to four and one-half inch zone. 
This is an important factor in consideJ:ing the benefits of either 
broadcast or hill fertilization. If the fertilizer is applied to the 
soil in such a manner that it is fixed where it cannot come in 
contact with the root system of the plants, very little response 
will be secured from the treatment. 
THE UTILIZATION OF HILL APPLICATIONS OF PHOSPHORUS 
BY THE CORN PLANT 
'l'he object of this study was to determine if possible the 
amount of residual phosphorus left in the fertilized area after 
the corn plant had grown to maturity. The experiment was 
conducted on the Agronomy Farm, Ames, Iowa. The soil type 
was Carrington loam. Several hills of corn were fertilized 
either in the hill above the seed or to the rear of the hill. 
Where the fertilizer was applied in the hill above the seed, a 
wire screen three inches wide and ten inches long was placed 
on a level with the seed and the fertilizer was mixed with a 
layer of soil about one-half inch thick, placed on the screen 
(see figs. 3 and 4). The fertilizer was applied to the rear of 
the hill just as it is placed by fertilized attachments not 
equipped with scatterers. (See figs. 1 and 2.) 
After the corn had matured the plants were carefully re-
moved and samples of soil were taken from the fertilized zones 
and analyzed for total phosphorus. Large amounts of fertilizer 
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Fig. 1. Photograph showing how inferior fertilizer attachments apply fertilizer 
in corn hills. 
could be found where the applications were made to the rear of 
the hill. Where the fertilizer was placed in the hill above the 
seed, very little trace of it could be seen at the end of the ex-
periment. 
The data from this experiment are given in table XIII. An 
attempt was made to calculate the amount of phosphorus which 
disappeared from the fertilized area. 'l'his was done by calcu-
TABLE XIII. DATA ON THE RESIDUAL PHOSPHORUS CONTENT OF SOILS 
TAKEN BENEATH MATURE CORN HILLS WHICH WERE HILL 
FERTILIZED AT TIME OF PLANTING. 
Rate of 
No. Fertilizer application 
treatment in hill 
lbs. per acre I 
l I 0- 16- 0 I 100 I 2 0--16- 0 I 100 
3 
I 
2- 16- 2 I 100 
4 2- 16- 2 ~I 100 5 0-16- 0 200 6 I . 0--16- 0 200 7 0- 16- 0 200 
8 0- 16- 0 200 
9 1- 16- 1 200 
10 1- 16- 1 200 
1.1 1- 16- 1 200 
12 0- 12- 2t 150 
13 0- 12- 2t 150 
14 0- 12- 0t I 150 15 0- 12- 0t 150 
-Data only apprOXImate. 
tFertilizer applied to rear of hill. 
:j:Averages of No.5, 6 and 7. 
Phosphorus content of soils in pounds per 2,000,000 
pounds of soil 
I % used by Fertilized Fertilized plant or dif-Unfertil-
I 
area after fused into 
ized soil crop ma- area at time surround-
tured of planting ing soil 
area-
670 
I 
1,640 5,600 70.7 
770 1,850 5,700 67 . 6 
840 1,425 5,770 75.3 
750 1,990 5,680 65.0 
770 2,280 10,630 78.6 
645 I 3,140 10,1105 70.2 755 3,010 10,615 71.7 
... 2,470 10,580t 76.7 
... 3,070 10,580t 71.0 
... 2,480 10,580t 76.6 
... 2,230 10,580t 78.9 
740 1,710 6,740 74.6 
670 4,760 6,670 28.6 
910 2,250 6,910 68.0 
910 1,950 6,910 71.8 
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lating -the amount of phosphorus which applied to the fertilized 
area, to which was added the phosphorus content of the soil. 
The amount of residual phosphorus was determined from the 
analysis of the soil in the fertilized area after the crop had 
matured. The difference between the total phosphorus in the 
fertilized area at the beginning and at the end of the experi-
ment represents the amount of phosphorus, a part of which was 
used by the corn plant, the remainder being fixed in the adja-
cent layers of soil. 
The only conclusion that can be drawn from this experi-
ment is that there was a considerable amount of the phosphorus 
added which was not removed by the plant roots. Nitrogen 
may have been a limiting factor in this case, altho strong stalks 
of corn with dark green leaves were produced. 
One hundred pounds of 16 percent acid phosphate contains 
_enough phosphorus to .produce nearly 30 bushels of corn. If 
nitrogen as well as phosphorus is a limiting factor in crop pro-
duction, hill applications of mixed fertilizer, such as a 2-12-~, 
cannot be of much assistance in producing a crop, because the 
nitrogen and potash in such a fertilizer applied at the rate of 
100 pounds per acre would only furnish enough plant food to 
produce about one and one-half bushels of COrll. 
In the case of crops where the cost of the fertilizer is small 
as compared to the value of the produce, hill or row fertiliza-
tion would probably be desirable even tho quite large amounts 
of fertilizer were not utilized. In general farm practice where 
succeeding crops may be benefited by any residual fertilizer not 
Fig. 2. Photograph showing residual fertilizer left near corn hill after corn plant 
has grown to maturity. 
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used by the preceding crop, broadcast applications may prove 
superior to hill applications. 
'l'he utilization of phosphorus from hill applications of acid 
phosphate is being studied on several different soil types at 
the present time, and more data will soon be available on this 
subject. 
THE EFFECT OF HILL APPLICATION OF FERTILIZERS ON 
ROOT DEVELOPMENT 
'fhis investigation was conducted under the same conditions 
as the previous experiment. Several hills of corn were fertil-
ized at planting time. After the first killing frost in the fall a 
trench three feet wide and three feet deep was dug about four 
inches from each hill of corn. The roots were carefully washed 
out with water, using a spray pump to develop pressure, and 
Fig. 3. Photograph showing root system of 
corn plant and wire screen on which fertilizer was 
applied in spr ing. Rate of fertilization 100 
pounds of 16 percent acid phosphate per acre in 
hill above seed. 
photographs were taken 
of them. All of these 
experiments were con-
ducted on a Carrington 
loam. 'l'he author, how-
ever, working wit h 
Truog (73) on the effect 
of hill fertilization on 
root development, stud-
ied the effect of several 
different fertilizer mix-
tures on the develop-
ment of corn roots in 
t h r e e different soil 
types and it is from 
these observations as 
well as from those in 
this experiment t hat 
support for the various 
statements made in the 
following discussion is 
obtained. 
Figs. 1 and 2 show 
how inferior fertilizer 
attachments apply the 
fertilizer. These photo-
graphs were taken by L. 
W. Forman and Dana 
G. Coe at this station. 
They show that only a 
very few corn roots 
touch the zone of fertilization. However, no ill effects of this 
-type of fertilization on the root system of corn could be de-
tected on any of the 
soils studied. 
Figs. 3 and 4 were se-
lected to show the large 
mass of roots at the 
base of a corn hill. This 
is not always the case, 
but in a large majority 
of the hills stu die d 
the r e was always a 
large mass of fine roots 
in the soil at the base 
of the stalk. This is 
especially true after the 
brace roots form. ' Be-
fore the brace roots 
form the development 
of fine roots at the 
base of the stalk is not 
so pronounced, conse-
quently, the question 
arises, when is phos-
phorus most important 
in the growth of plants ? 
In a similar study at 
Wisconsin, Truog and 
the author (73) found 
tha t acid p h 0 s p hat e 
alone tended to develop 
Fig. 4. Photograph showing root system of 
corn plant and wire screen on which fertilizer was 
applied in spring at the rate of 200 pounds of 
16 percent acid phosphate in hill above seed. 
large roots with few branches, while mixed fertilizers contain-
ing nitrogen or potassium, or both, stimulated the development 
of a large mass of fine roots in the zone where the fertilizer was 
located. If phosphorus is important in the earlier part of the 
growth period of the plant, then a mixed fertilizer will increase 
the utilization of phosphorus due to the stimulation 0 f the de-
velopment of fine roots in the fertilized area. If, however, phos-
phorus is only important in the maturing of the plant after the 
brace roots develop, then acid phosphate alone should prove 
just as effective as a mixed fertilizer because of the enormous 
number of fine roots produced in the fertilized zone after the 
brace roots develop. 
No deleterious effect of hill fertilization on the root systems 
of corn plants was detected in any of these studies when the 
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rate of hill fertilization was not greater than 200 pounds per 
acre. Heavier applications than this may produce a smaller 
root system than that of unfertilized plants, especially if the 
percentage of nitrogen in the fertilizer is very high. 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
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